Abstract
water as well as polymer chain length determine the rheology of these solutions; polysaccharide 47 chemical structure and size can, therefore, be exploited to develop new products, control processing 48 quality and optimise the design of process equipment (Durand, 2007) .
50
Guar gum is a galactomannan and one of the most cost effective natural hydrocolloids due to its 51 ready availability and ease of manufacture by extraction from Cyamopsis tetragonolobus seeds 52 (Cunha et al., 2007) . This long-chain polysaccharide biopolymer is highly polydisperse 53 (Sittikijyothin et al., 2005) , has a semiflexible random coil conformation composed of a linear to allow these materials to be used more efficiently, with reduced development time.
96
The present work follows on from investigations of bubbly liquids with a non-Newtonian liquid 97 phase (Torres et al., 2013) 
12
The filament stretching and thinning profiles were monitored using a high speed camera (Photron 
where X is a coefficient which accounts for the deviation of the filament shape from a uniform 216 cylinder due to inertia and gravity,  is the surface tension between the liquid phase and the air, and t 
245
The Hencky strain, , experienced by the sample at the axial midplane at time t is defined using the 246 midfilament diameter:
The apparent extensional viscosity is compared with the apparent viscosity via the Trouton number,
249
NTr. This is the ratio of apparent extensional to shear viscosity at equivalent shear rates, which, for 250 non-Newtonian fluids is given by (Steffe, 1996) : result is due to viscoelastic material behaviour (Steffe, 1996 There is a divergence in behaviour at high rates for the more concentrated solutions, 362 which are thought to lie in the entangled regime. The deviation is related to the elastic gel-like 363 structure, which is not affected during oscillatory measurements, but is broken during steady shear 364 tests such that the measured magnitude of the complex viscosity is larger than the apparent viscosity 365 (Steffe, 1996) . Similar behaviour has been reported for synthetic polymers such as polyisobutylene 366 by Liang and Mackey (1994), who also found that the largest deviations occurred at higher angular 367 frequencies and shear rates.
369
Extensional measurements 370 Figure 6 shows the evolution of mid-filament diameter, Dmid, for different concentrations. The 
391
The individual data sets in Figure 6 collapsed to a common form when the capillary diameter, 392 normalised against D1, as in Equation (16) explanation is offered at this time as the physical basis of Equation (16) is not established.
454
The apparent extensional viscosity was estimated using Equation (5) 818 819 820
